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(54) Title: A NOVEL GENE, DISRUPTED IN SCHIZOPHRENIA 

o 

^ (57) Abstract: A newly identified gene, DIS1 is disrupted by a (1:1 1)(q42.1;ql4.3) translocation which segregates with schizophre- 

^ nia. We have examined the genomic structure of DLS1 and found that the gene consists of 13 exons estimated to extend across at 
least 3O0kb of DNA. Ex on 1 1 contains an alternative splice site which removes 66 nucleotides from the open reading frame. The 
final intron of DIS1 belongs to the rare AT-AC class of introns. 8 expressed sequence tags (ESTs) located within introns 3, 7, 9 and 

^ 10 of D1S I have also been identified. These ESTs have not yet been assigned to DIS1 and may therefore represent further novel 

^ genes in the region. 
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A novel gene, disrupted in schizophrenia 



The present invention relates to a newly identified DNA sequence which surrounds a 
breakpoint on chromosome 1 involved in a balanced t(l ; il)( q4 2 1q14 3) 
5 translocation as well as to a gene disrupted by this translocation event and its 
encoded proteins as well as to antibodies thereto and their use as a medicament 
The invention also relates to methods for the detection of the translocation event as 
well as to methods for the in vitro diagnosis of a psychiatric disorder. Moreover, the 
invention also relates to transformed cell lines. 



) 



Fam.ly, twin and adoption studies have convincingly demonstrated a significant 
genetic contribution to schizophrenia (1995, Lancet 346: 678-682, and references 
therein) and have driven studies directed at identification of this genetic component 
Schizophrenia is a complex disease and the multifactorial and probable genetic 
heterogeneity of the condition complicates the application and interpretation of 
conventional linkage and association studies. At present, however, no specific genes 
have been described which could play a role in schizophrenia. 

Previously, a balanced t(1;11)(q42.1;q14.3) translocation was reported which is 
Imked to schizophrenia and other related mental illness in a large Scottish family 
(1990, Lancet 336: 13-16) with a maximum LOD of 6.0 (Douglas Blackwood in 
preparation). Mapping of the translocation breakpoint on chromosome 11 and the 
accompanying search for neighbouring genes has already been reported (1997 Am 
J. Med. Genet. 74: 82-90, 1998, Pyschiatr. Genet. 8: 175-181). No evidence for the 
presence of any part of a gene closer than 250kb to the breakpoint has been found. 

It will be dear that there is a great need for the elucidation of genes related to 
schizophrenia in order to unravel the various roles these genes may play in the 
d.sease process. A better knowledge of the genes involved in schizophrenia and the 
mechanism of action of their encoded proteins might help to create a better insight 
mto the etiology of this psychiatric disorder and its underlying molecular mechanisms 
This could eventually lead to improved therapy and better diagnostic procedures 
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The present invention provides such a novel gene which is located on chromosome 1 
and is directly disrupted by the translocation event. More specific, the present 
invention provides for a gene, tentatively called DIS1 (Disrupted In Schizophrenia) 
5 whose cDNA sequence is shown in SEQ ID NO:1. DIS1 is disrupted within an intron 
of the gene with the result that a proportion of the coding sequence has been 
translocated to chromosome 1 1 . 

The protein encoded by DIS1 is predicted to have a globular N-terminal domain(s) 
10 and a helical C-terminal domain with the potential to interact with other proteins via 
formation of a coiled coil. The coiled-coil structure is present in several proteins 
(particularly microtubule binding proteins) which are involved in the development and 
functioning of the nervous system. The putative structure of DIS1 is therefore 
compatible with a role in the nervous system. 

15 

DIS1 consists of 13 exons which we estimate to extend across at least 300kb of 
genomic DNA. The translocation breakpoint lies within intron 8 of this gene. The 
effect of the translocation is therefore to remove exons 9-1 3 to chromosome 1 1 
There is a commonly used alternative splice site, which does not disrupt the open 
20 reading frame, within exon 1 1 which give rise to two distinct polypeptides as provided 
in SEQ ID NO: 2 and SEQ ID NO: 3. Table 1 shows the nucleotide sequences of the 
splice sites. The sequence of intron 8 is now revealed I SEQ ID NO: 4. At nucleotide 
8432 a gap of unknown size occurs in the sequence. 

25 The density of genes in the chromosome 1 breakpoint region is apparently high 
since, in addition to DIS1, 8 independent ESTs have also been identified. While this 
may suggest the presence of other genes in the region, it is also possible that some 
of these ESTs represent differentially spliced exons of DIS1. 



4SDOCID: -.WO ni4nnniA9 i 



Table 1 DIS1 splice site sequences 




10 



61 bp 



1743-1845 
1846-2034 
2035-2095 



2096-2294 



attcttccagCCTCCAGGAA 
ctccccctag GTGTGT ATG A 
cgtgctgtagGAAACCATTf" 
ttttcccccagAAACAAGTGT 
tctgtctcag CTGC AAGTGT 



splice donor 

CACCGCGCAGgtaggggagc" 



^ACTCAGCAgtgaatacrt" 
UCAGCTACAGgtgagcaggt 




CCATAAGGAGgtactgctga 1 
UACTACTAAGgtaagtacct" 



CiUCATATC AGgtaactggca 1 
ACTGCC TATGgtaggtagtg" 
AACTGTGCAGgtaaggataa 1 



D.S1 ,s predicted ,o encode a protein with en N-terminal globu.ar head consisting 
ma,nty of beta-sheet, and solvent-exposed helical tail with the potential to form 
corted-coile. The transition from befa-sheet to alpha-helix occurs essentially a, the 
boundary between axons 2 and 3. Exons 1 and 2 therefore encode the putative 
globular domain(s). while exons 3 to 1 3 encode the putative helical tail of DIS1 . 

We propose that DIS1 should be considered as candidate gene involved in the 
aefiology of psychiatric disorders because i, Is directly disrupted by the translocation 
In support of thls co^,^ is tne predjcted stmc(ure Qf D|si wh . ch ^ ^ 

With a role in development and fonctioning of the nervous system. The information 
contamed herein, now enables the skilled person to assess the gene as candidate in 
psychotic individuals unrelated to members of the family carding the translocation 
Th,s ,s particularly important given that our mapping of the chromosome 1 breakpoint 
reg.on has identified several ESTs which indicates the possible presence of 
additional genes. Even if such genes are not directly disrupted by the translocation 
pos,.ional effects on their expression cannot be ruled out. Determination of the 
genomic structure of DIS1 has provided the information required to look for mutations 
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in all of the transcribed sequence plus splice sites and DIS1 can now be evaluated 
by means of mutation screening and association studies. 

The sequences of the present invention can be used to derive primers and probes for 
5 use in DNA amplification reactions in order to perform diagnostic procedures or to 
identify further, neighbouring genes which also may contribute to the development of 

schizophrenia. 

It is known in the art that genes may vary within and among species with respect to 
0 their nucleotide sequence. The DIS1 genes from other species may be readily 
identified using the above probes and primers. Therefore, the invention also 
comprises functional equivalents, which are characterised in that they are capable of 
hybridising to at least part of the DIS1 sequence shown in SEQ ID NO: 1, preferably 
under high stringency conditions. 

Two nucleic acid fragments are considered to have hybridisable sequences if they 
are capable to hybridising to one another under typical hybridisation and wash 
conditions, as described, for example in Maniatis, et al., pages 320-328, and 382- 
389, or using reduced stringency wash conditions that allow at most about 25-30% 
basepair mismatches, for example: 2x SSC, 0.1% SDS, room temperature twice, 30 
minutes each, then 2x SSC, 0.1% SDS 37 °C once, 30 minutes; then 2X SSC, room 
temperature twice ten minutes each. Preferably, homologous nucleic acid strands 
contain 15-25% basepair mismatches, even more preferably 5-15% basepair 
mismatches. These degrees of homology can be selected by using wash conditions 
of appropriate stringency for identification of clones from gene libraries or other 
sources of genetic material, as is well known in the art. 

Furthermore, to accommodate codon variability, the invention also includes 
sequences coding for the same amino acid sequences as the sequences disclosed 
herein. Also portions of the coding sequences coding for individual domains of the 
expressed protein are part of the invention as well as allelic and species variations 
thereof. Sometimes, a gene expresses different isoforms in a certain tissue which 
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includes spficing variants, that may resul, in an altered 5' or 3' mRNA or in the 
inclusion of an additional exon sequence. Alternatively, the messenger might have 
an exon less as compared to its counterpart as exemplified in the sequences enlisted 
here (SEQ ID NO: 3 contains an additional 22 amino acids as compared to SEQ ID 
5 NO 2 due to an alternative splicing event,. These sequences as well as the proteins 
encoded by these sequences all are expected to perform the same or similar 
functions and form also part of the invention. 

The sequence information as provided herein should not be so narrowly construed 
) as to require inclusion of erroneously identified bases. The specific sequence 
disclosed herein can be readily used to isolate further genes which in turn can easily 
be subjected to further sequence analyses thereby identifying sequencing errors 
Thus in one aspect, the present invention provides for isolated polynucleotides 
encoding a novel gene, disrupted in schizophrenia. 

The DNA according to the invention may be obtained from cDNA. Alternatively the 
coding sequence might be genomic DNA. or prepared using DNA synthesis 
techniques. The polynucleotide may also be in fine form of RNA. The polynucleotide 
may be in single stranded or double stranded form. The single strand might be the 
coding strand or the non-coding (anti-sense, strand. 

The present invention further relates to polynucleotides which have at least 80% 
preferably 90% and more preferably 95% and even more preferably a. least 98% 
identity with SEQ ID NO:1. Such polynucieofides encode poiypeptides which retain 
the same biological function or activity as the natural, mature protein. 

The percentage of identity between two sequences can be determined with programs 
such as DNAMAN (Lynnon Biosoft, version 3.2). Using this program two sequences 
can be aligned using the optimal alignment algorithm of Smith and Waterman (1981 
J. Mo,. Biol, ,47:195-197). After alignment of the two sequences the percentage 
identity can be calculated by dividing the number of identical nucleotides between the 
two sequences by the length of the aligned sequences minus the length of ail gaps 
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The DNA according to the invention will be very useful for in vivo or in vitro 
expression of the novel gene according to the invention in sufficient quantities and in 
substantially pure form. 

5 

In another aspect of the invention, there are provided polypeptides comprising the 
amino acid sequence encoded by the above described DNA moiecuies. 

Preferably, the polypeptides according to the invention comprise at least part of the 
10 amino acid sequences as shown in SEQ ID NO:2 and SEQ ID NO:3. 

Also functional equivalents, that is polypeptides homologous to SEQ ID NO: 2 or 
SEQ ID NO: 3 or parts thereof having variations of the sequence while still 
maintaining functional characteristics, are included in the invention. 

The variations that can occur in a sequence may be demonstrated by (an) amino 
acid difference(s) in the overall sequence or by deletions, substitutions, insertions, 
inversions or additions of (an) amino acid(s) in said sequence. Amino acid 
substitutions that are expected not to essentially alter biological and immunological 

20 activities, have been described. Amino acid replacements between related amino 
acids or replacements which have occurred frequently in evolution are, inter alia 
Ser/Ala, Ser/Gly, Asp/Gly, Asp/Asn, lleA/al (see Dayhof, M.D.. Atlas of protein 
sequence and structure, Nat. Biomed. Res. Found., Washington D.C., 1978, vol. 5, 
suppl. 3). Based on this information Lipman and Pearson developed a method for 

25 rapid and sensitive protein comparison (Science, 1985, 227, 1435-1441) and 
determining the functional similarity between homologous polypeptides. It will be 
clear that also polynucleotides coding for such variants are part of the invention. 

The polypeptides according to the present invention include the polypeptides 
30 comprising SEQ ID NO:2 and SEQ ID NO:3 but also their isoforms, i.e. polypeptides 
with a similarity of 70%, preferably 90%, more preferably 95%. Also portions of such 
polypeptides still capable of conferring biological effects are included. Especially 
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portions which stil, bind to ligands r rrm part of the invention. Such portions may be 
functional per se. e.g. in solubr * form or they might be linked to other 
polypeptides, either by known biotechnological ways or by chemical synthesis to 
obtatn chimeric proteins. Such proteins might be useful as therapeutic agent in that 
5 they may substitute the gene product in individuals with abberan, expression of the 
DIS1 gene. 

The sequence of the gene may also be used in the preparation of vector molecules 
for the expression of the encoded protein in suitable host cells. A wide variety of host 
> cell and cloning vehicle combinations may be usefully employed in cloning the 
nucleic acid sequence coding for the DIS1 gene of the invention or parts thereof For 
example, usefu! cloning vehic.es may include chromosomal, non-chromosomal and 
synthetic DNA sequences such as various known bacteria, plasmids and wider host 
range plasmids and vectors derived from combinations of plasmids and phage or 
virus DNA. y 

Vehicles for use in expression of the genes or a ligand-binding domain thereof of the 
present invention will further comprise control sequences operably linked to the 
nucleic acid sequence coding for a ligand-binding domain. Such control sequences 
generally comprise a promoter sequence and sequences which regulate and/or 
enhance expression tevels. Of course control and other sequences can vary 
depending on the host cell selected. 

Suitable expression vectors are for example bacteria, or yeast plasmids. wkle host 
range p.asmids and vectors derived from combinations of plasmid and phage or virus 
Ve ° ,0rS derived from *omo«m* DNA are also included. Furthermore an 
ongin of replication and/or a dominant selection marker can be present in the vector 
according to the invention. The vectors according to the invention are suitable for 
transforming a host cell. 
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Recombinant expression vectors comprising the DNA of the invention as well as cells 
transformed with said DNA or said expression vector also form part of the present 
invention. 

5 Suitable host cells according to the invention are bacterial host cells, yeast and other 
fungi, plant or animal host such as Chinese Hamster Ovary cells or monkey cells. 
Thus, a host cell which comprises the DNA or expression vector according to the 
invention is also within the scope of the invention. The engineered host cells can be 
cultured in conventional nutrient media which can be modified e.g. for appropriate 
10 selection, amplification or induction of transcription. The culture conditions such as 
temperature, pH, nutrients etc. are well known to those ordinary skilled in the art. 

The techniques for the preparation of the DNA or the vector according to the 
invention as well as the transformation or transfection of a host cell with said DNA or 
15 vector are standard and well known in the art, see for instance Sambrook et al., 
Molecular Cloning: A laboratory Manual. 2 nd Ed., Cold Spring Harbor Laboratory, 
Cold Spring Harbor, NY, 1989. 

The proteins according to the invention can be recovered and purified from 
20 recombinant cell cultures by common biochemical purification methods including 
ammonium sulfate precipitation, extraction, chromatography such as hydrophobic 
interaction chromatography, cation or anion exchange chromatography or affinity 
chromatography and high performance liquid chromatography. If necessary, also 
protein refolding steps can be included. 

25 

DIS1 gene products according to the present invention can be used for the in vivo or 
in vitro identification of novel ligands or analogs thereof. For this purpose binding 
studies can be performed with cells transformed with DNA according to the invention 
or an expression vector comprising DNA according to the invention, said cells 
30 expressing the DIS1 gene products according to the invention. 
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Alternatively also the DIS1 gene products aooording to the invention as we,, as 
gand-binding domains thereof can be used in an assay for the identification of 
functional ligands or analogs forthe DIS1 gene products. 

5 Methods ,o determine binding to expressed gene products as we,, as /n vHro and /„ 
vrvo assays to determine biological activSy of gene products are we,, known In 
general, expressed gene product is contacted with the compound to be tested and 
b.nd,ng, stimulation or inhibition of a functional response is measured. 

to Thus, the present invention provides for a method for identifying ligands for DIS1 
gene products, said method comprising the steps of: 

a) introducing into a suitable host cell a polynucleotide according to the 
invention, 

b) culturing cells under conditions to allow expression of the DNA sequence 
15 c) optionally isolating the expression product 

d) bringing the expression product (or the host cel. from step b)) into contact 
w,th potential ligands which will possibly bind to the protein encoded by said 
DNA from step a); 

e) establishing whether a ligand has bound to the expressed protein. 
20 f) Optionally isolating and identifying the ligand 

As a preferred way of detecting the binding of the ligand to the expressed protein 
also signal transduction capacity may be measured. 

25 The present invention thus provides for a quick and economic method to screen for 
therapeutic agents for the prevention and/or treatment of diseases related to 
sch,zophrenia. The method is especially suited to be used for the high throughput 
screening of numerous potential compounds. 

30 Compounds which activate or inhibit the function of DIS1 gene products may be 
employed in therapeutic treatments to activate or inhibit the po.ypeptides of the 
present invention. 
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Also within the scope of the invention are antibodies, especially monoclonal 
antibodies raised against the polypeptide molecule according to the invention. Such 
antibodies can be used therapeutically to inhibit DIS1 gene product function and 
5 diagnostically to detect DIS1 gene products. 

The invention furthermore relates to the use of the DiS1 gene products as part of a 
diagnostic assay for detecting psychiatric abnormalities or susceptibility to psychiatric 
disorders related to mutations in the nucleic acid sequences encoding the DIS1 

10 gene. Such mutations may e.g. be detected by using PCR (Saiki et al. t 1986, Nature, 
324, 163-166). Also the relative levels of RNA can be determined using e.g. 
hybridization or quantitative PCR technology. The presence and the levels of the 
DIS1 gene products themselves can be assayed by immunological technologies 
such as radioimmuno assays, Western blots and ELISA using specific antibodies 

15 raised against the gene products. Such techniques for measuring RNA and protein 
levels are well known to the skilled artisan. 

The determination of expression levels of the DIS1 gene products in individual 
patients may lead to fine tuning of treatment protocols. 

20 

Also, transgenic animals may be prepared in which the expression of the DIS1 gene 
is altered or abolished. 

Legends to the figures 

25 

Figure 1 Alignment of sequence immediately flanking the breakpoints from the 
normal chromosome 1, der (1), der (11) and normal chromosome 11 (wt1, der (1), 
der (1 1 ) and wt1 1 respectively). 

30 Figure 2 Map of the chromosome 1 breakpoint region containing DIS1. Black boxes, 
DIS1 exons; Letters marking vertical arrows, position of ESTs. Positions of the 
putative CpG island, putative translation start and stop sites, polyadenylation signals 
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and alternative splice site are indicated. EST accession numbers: A=AA777274 
B=AA361879, C=AA311762, D=Hs.96883, E=AA249072, F=W04811, G-DZSBOs' 
H=N49833. I=W29023/AA093172, J&K=H71 071/240262, M=AA6 10789, 
13=Hs.26985. ESTs J and K are located extremely close together such that their 
order could not be determined. 



Examples 
Example 1 

Cloning of the Chromosome 1 Tr anslocatio n Break point 

We have previously described the isolation of a 2.5kb EcoRI fragment (wt11) 
containing the normal chromosome 11 translocation breakpoint, and demonstrated 
that it hybridises to EcoRI fragments of 2.7kb and 7kb from the der (1 ) and der (1 1 ) 
chromosomes respectively (1998, Psychiatr. Genet. 8: 175-181). This chromosome 
1 1 breakpoint fragment was subcloned, and used to prepare a 2.15kb Hindlll/EcoRI 
repeat-free sub-fragment with which an EcoRI total digest genomic library made from 
a cell line from a translocation carrier (MAFLI, 1993, Am. J. Hum. Genet. 52: 478- 
490) was screened. A 2.7kb EcoRI fragment, presumed to correspond to the der (1) 
translocation fragment was obtained. This was confirmed by its hybridisation pattern 
(figure 1), where it hybridises to a 2.7kb fragment from MIS7.4, a hybrid cell line 
carrying the der (1) chromosome as its human component (1998, Psychiatr. Genet. 
8: 175-181). Three fragments are visible from MAFLI; the 2.5kb wild-type 11 
breakpoint fragment; the 2.7kb der (1 ) fragment and a fragment of 7.3kb, assumed to 
be the wild-type chromosome 1 breakpoint fragment. This was confirmed using 
normal control human DNA which also shows hybridisation of the probe to the 2.5kb 
chromosome 11 breakpoint fragment, and to a 7.3kb fragment which must therefore 
be from chromosome 1 . 

The 2.7kb der (1) fragment was used to rescreen the library, avoiding any clones 
which had previously hybridised to the chromosome 1 1 breakpoint fragment, and this 
yielded a 7.3kb clone (wt1), corresponding to the chromosome 1 breakpoint 
fragment. 
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Example 2 

identification of the Breakpoint 

The cloned wt1 1, wt1 and der (1) fragments were sequenced and the positions of the 
5 translocation breakpoints were identified by comparisons between these three 
sequences. Primers designed from wt11 and wt1 sequence amplified a 1.4kb 
fragment containing the breakpoint from the der (11) chromosome by PCR, and the 
product was partially sequenced. An alignment of the breakpoint sequences from 
each of the four chromosomes is presented in figure 1. This shows that the 

10 translocation event resulted in no rearrangement at all on the der (1) chromosome, 
and a small rearrangement on the der (11), where there has been a deletion of the 
nucleotides TCAG accompanied by insertion of AA. This breakpoint sequence and 
minor rearrangement has been confirmed by genomic sequence analysis of two 
other translocation carriers (data not shown). The position of the breakpoint has also 

15 been confirmed using pairs of primers, one primer pair from each side of the 
breakpoint, for PCR on genomic DNA from MIS7.4 and MIS39, cell lines carrying the 
der(1 ) and der (1 1 ) chromosomes respectively (data not shown). 

Example 3 
20 Breakpoint Sequence Analysis 

The sequences of the breakpoint fragments from chromosomes 1 and 1 1 were used 
to search sequence databases using BLAST (1997, Nucleic. Acids. Res. 25: 3389- 
3402) to identify matches indicating the presence of a gene, and also analysed using 
the suite of gene recognition and analysis programmes encompassed by Nucleotide 

25 Identify X (NIX, http://menu.hgmp.mrc.ac.uk/menu-bin/Nix/Nix.pl). 

BLAST searches of sequence databases identified sequence from one end of a BAC 
clone (Genbank/EMBL accession number AQ105798) within the wt11 fragment, but 
nothing else of note. Neither did NIX convincingly predict any exons to be present 
within the chromosome 11 breakpoint sequence. However the wt1 fragment contains 

30 several interesting sequences. There is a tandemly repeated TAA trinucleotide which 
is contained within three overlapping sequence tagged sites (Genbank/EMBL 
accession numbers G09671, G09453 and G07779). These correspond to the marker 
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D1S1621, which maps approximately 120bp below the breakpoint. There are also 
sequence matches to the ends of three different BAC clones (Genbank/EMBL 
accession numbers AQ1 12950, AQ078498 and B40542). 

From Genbank and EMBL, sequence matches to three separate expressed 
5 sequence tags (ESTs), and a messenger RNA, are also contained within the wt1 
fragment, all distal to the breakpoint. These are AA249072 (which overlaps with 
D1S1621), W04811, D78808 and AB007926, mapping approximately 80bp, 1.8kb, 
2.8kb and 3.7kb from the breakpoint respectively (figure 2). 

Homology to AA249072 and W04811 extends across the whole sequence obtained 
10 from each cDNA. However sequence corresponding to wt1 in D78808 could be 
spurious. Only 103 nucleotides of the total 350 in the EST sequence are contained 
within the wt1 sequence, yet this short match does not apparently correspond to an 
exon since there are no flanking splice sites. The remaining sequence is homologous 
to several other ESTs (UniGene cluster Hs.31446 

15 http://www.ncbi.nlm.nih.gov/UniGene/index.html), none of which contain any wtl 
sequence or are even present on chromosome 1 , as judged by a lack of hybridisation 
to genomic DNA from the chromosome 1 human/mouse hybrid cell line A9(Neo-1)-4 
(data not shown). AB007926 consists of 6833 nucleotides of a brain-expressed 
transcript from chromosome 1 (1997, DNA Res. 4: 345-349). Only 189 nucleotides of 

20 this transcript are coincident with wt1 . 

NIX identified one putative exon with consensus splice sites on the forward strand of 
wt1. This exon contains all of the sequence match to mRNA AB007926. The match 
ends at the predicted splice sites, demonstrating the accuracy of the prediction. 

25 Example 4 

Contiq SonStOtEiigp 

Genomic clones from the region were isolated from a PAC library, RPCI1 (1996, 
Construction of bacterial artificial chromosome libraries using the modified P1 (PAC) 
System. In "Current Protocols in Human Genetics", N. C. Dracopoli, J. L. Haines B 
30 R. Korf, D. T. Moir, C. C. Morton, C. E. Seidman, J. G. Seidman and D. R. Smith 
Eds., Unit 5.15 Pub. John Wiley and Sons, New York) distributed by the United 
Kingdom Human Genome Mapping Project Resource Centre, and a chromosome 1 
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cosmid library, provided by the Resource Centre of the German Human Genome 
Project at the Max-Planck-Institute for Molecular Genetics (1994, Nature, 367: 489- 
491, 1999, Nature Genetics, 22: 22). Contig construction essentially required three 
phases. Initially, genomic clones were identified by screening libraries with sequence 
5 flanking the breakpoint, microdissection clone MD258 (1995, Cytogenet. Cell Genet. 
70: 35-40), or with several cDNA fragments from DIS1. Overlaps between the clones 
were then determined by end sequencing using oligonucleotides bordering the 
cosmid and PAC vector cloning sites (data not shown). Pairs of primers were 
designed from the resulting sequence and overlapping clones were identified by PCR 
10 (data not shown). For verification, the PCR products were hybridised to Southern 
blots of digested PAC and cosmid DNA (data not shown). Finally, remaining gaps in 
the contig were filled by further rounds of library screening using PCR products 
generated from clone ends. In addition, cosmid ICRFc112B0519Q6 was used to 
screen the PAC library to extend the contig in the proximal direction. Two markers, 
15 D1S251 and D1S1621, have been mapped on this contig. D1S251 was mapped by 
PCR, while the location of D1S1621 immediately distal to the breakpoint was 
determined by genomic sequencing. The locations of DIS1 exons 1-3 and 5-13 and 
of all the ESTs with respect to the cosmids and PACs were determined by 
hybridisation of oligonucleotides (not shown) to digested cosmid and PAC DNA. 
20 ESTs 10 and 11 are located extremely close together such that their order with 
respect to the contig could not be determined by hybridisation. DIS1 exon 4 is known 
to be present in cosmid ICRFd 12D2299QD4, but was not otherwise mapped 
because of the apparent presence of numerous related sequences in the 
surrounding DNA. 

25 

Example 5 

A Contig Spa nning the Chromosome 1 Translocation Breakpoint 

To investigate the genomic structure of DIS1 we first constructed a contiguous clone 
map spanning the chromosome 1 breakpoint (Fig. 1). This contig is estimated to 
30 extend across at least 400kb based on average PAC and cosmid sizes of 130kb and 
35kb respectively. Cosmid fluorescence in situ hybridisation to the translocation cell 
line MAFLI was employed to confirm the orientation of the contig, and that it crosses 
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the translocation breakpoint. Cosmids spanning the breakpoint, and located distal 
and proximal were found to hybridise as predicted. Cosmid ICRFc112l0142Q6 
hybridises to the normal chromosome 1, and the derived 1 and derived 11 
chromosomes, indicating that it crosses the breakpoint. Hybridisation of cosmid 
ICRFc112D1274QD4 to the normal chromosome 1 and derived 1, shows that it is 
located proximal to the breakpoint. Finally, signal from cosmid ICRFd 12G1395QD4 
is visible on the normal chromosome 1 and the derived chromosome 11 
demonstrating that this cosmid lies distal to the breakpoint. 

Example 6 

Genomic Structure of nisi 

Direct cosmid sequencing using primers designed from DIS1 cDNA sequence was 
used to determine the intron/exon structure of DIS1. Resulting genomic sequence 
was aligned with cDNA sequence and splice sites identified at the points of 
divergence (table 1). Exons 1-3 and 5-13 were identified by this method. For 
technical reasons, exon 4 proved more difficult and splice site sequences were 
eventually identified by subcloning a genomic fragment containing the exon from a 
cosmid, followed by sequencing. 

DIS1 consists of 13 exons extending across at least 300kb of genomic DNA (Fig. 1). 
A region of 66 nucleotides which is deleted from some DIS1 transcripts was found to 
arise from utilisation of an internal splice donor site within exon 11 and the normal 
splice acceptor site of the same exon. The final intron of DIS1 is a member of the 
extremely rare AT-AC class of introns (1997, Trends. Biochem. Sci. 22:132-137). 
This intron has the consensus 5' and 3' splice site sequences, atatcctt and yccac 
respectively, as well as the consensus branch-site element, tccttaac, close to the 3' 
splice site as shown in table 1. All the other introns are of the common class I type. 

Example 7 

Mapping of Additional Transcrib e d Seq uences in fth^ Region 
During contig construction, all of the sequences generated from the ends of the 
PACs and cosmids, miscellaneous sequences and the sequence of 
ICRFd 12I0142Q6, were used to screen Genbank and EMBL in search of 
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homologies to expressed sequence tags (ESTs). The locations of the 8 ESTs 
identified by database screening are shown (Fig. 1). Unigene cluster Hs.26985 (13) 
is derived from the 3' UTR of DIS1, while the remaining 8 ESTs have not yet been 
assigned to any known gene. 

5 

Example 8 

Expression of D!S1 

When hybridised to Northern blots, DIS1 was found to be present in all adult human 
tissues examined, as a transcript of approximately 8.1 kb. Various smaller transcripts 
10 hybridise to the same probe. Although these may represent DIS1 splice variants, 
their significance is not yet known. In agreement with the Northern blot data, RT-PCR 
using primers towards the 5' end of DIS1 on a range of human foetal tissues also 
detected transcripts in every tissue tested (table 2). 



Sample 


age 


DIS1 


DIS1 




(weeks) 


proximal 


distal 


brain 


8.3 


+ 


+ (2) 




10.3 


+ 


+ (2) 




13.3 


+ 


+ (2) 


heart 


8.0 


+ 


+ (2) 




8.8 


+ 


+ (2) 




9.1 


+ 


+ (2) 




9.3 


+ 


+ (2) 


liver 


10.6 


+ 


+ (2) 


kidney 


10.0 


+ 


+ (2) 


spleen 


14.8 


+ 


+ (2) 


limb 


10.3 


+ 


+ (2) 



15 Table 2 RT-PCR analysis of DIS1 on a range of human foetal tissues. Approximate 
ages of gestation are given in weeks. 2: two bands obtained using one primer pair, +: 
transcript detected. 
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Example 9 

Ti ssue-specific distribution of DIS1 

Analysis of DIS1 expression indicates that the gene is widely expressed in foetal 
tissues, and that DIS1 transcripts are present in all adult tissues examined. However, 
5 as well as normal functioning, it is also necessary to study what effect the 
translocation may have had on overall expression of the gene. DIS1 is disrupted 
within the open reading frame which may cause (1) production of a truncated 
transcript and protein retaining only one of the putative leucine zippers, (2) silencing 
of the disrupted allele, or (3) production of a fusion transcript/protein from a gene on 
10 chromosome 11. 

Example 10 
Cell Culture 

The lymphoblastoid cell line MAFLI from an individual bearing the 
15 t(1;11)(q42.1;q14.3) translocation, somatic cell hybrids MIS7.4 and MIS39 bearing 

the der (1) or der (11) translocation chromosomes respectively, and their culture 

conditions, have been described previously (1993, Am. J. Hum. Genet. 52: 478-490). 

Der (1) refers to the derived chromosome 1 where DNA from 1q42.1-qter has been 

lost and replaced with chromosome 11 material from 11q14.3-qter. Der (11) refers to 
20 the reciprocal derived chromosome 1 1 . The cell line A9(Neo-1 )-4, a mouse A9 hybrid 

cell line carrying human chromosome 1, and its culture requirements, have been 

previously reported (1989, Jpn. J. Cancer Res., 80: 413-418). 

Example 11 

25 PCR analysis of the breakpoint region of DIS1 

A 1.4kb product was amplified from the der 11 chromosome using one primer 
specific for chromosome 1 1 proximal to the breakpoint (ggctggatattgcccttgagccataatt) 
and one primer specific for chromosome 1 distal to the breakpoint 
(agaacagaggagggacgatgatgac). This product was obtained using the cell line MIS39 
30 which carries the der 11 chromosome. This product is only obtainable from the 
translocated chromosome. 
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Example 12 

RSH analysis of the breakpoint region of DIS1 

Cosmid fluorescence in situ hybridisation to the translocation cell line MAFLI was 
employed to confirm that the contig crosses the translocation breakpoint. Cosmid 
5 ICRFc112l0142Q6 hybridises to the normal chromosome 1, and the derived 1 and 
derived 1 1 chromosomes, indicating that it crosses the breakpoint. 

Example 13 
Methods 

10 Fluorescence in situ Hybridisation 

Cosmids were mapped in relation to the chromosome 1 breakpoint using 2-7 day old 
slides of metaphase chromosomes prepared from the translocation cell line MAFLI 
by conventional methods. Cosmid DNA was labelled with dUTP-biotin by standard 
nick translation. FISH was carried out essentially as previously described (1995, 
15 Genomics 28: 420-428). Slides were examined on a Leitz microscope and suitable 
metaphases scanned with a BioRad MRC-600 confocal laser scanning system. 

DNA Preparation 

Cosmid and PAC DNA was prepared by standard methods (Sambrook et al., 
20 Molecular Cloning: A laboratory Manual. 2 nd Ed., Cold Spring Harbor Laboratory, 
Cold Spring Harbor, NY, 1989). 

Prior to sequencing, cosmid and PAC DNA was subjected to a phenol/chloroform 
clean-up step, followed by ethanol precipitation. Alternatively, cosmid DNA was 
prepared using Qiagen plasmid midi kits, followed by dialysis. Cosmid DNA prepared 
25 for sequencing was stored at 4°C. Plasmid DNA was prepared using QIAGEN 
plasmid midi kits. 

DNA Sequencing 

Cosmid end sequencing was carried out using primers 928 
30 (aggcgcagaactggtaggtatg) and 929 (gctaaggatggtttctagcgatg). PAC sequencing was 
carried out using primers SP6 (tactgtttttgcgatctgccgttt) and T7 
(aatacgactcactatagggaga). For cosmids and PACs 0.5-1 microgrammes of DNA was 
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sequenced using AS, PR,SM Big Dye terminator cycle sequencing ready reaction 

2 7 Br ' P ' 3Smid S6qUenCin9 reaC " 0nS W6re Perf — d 

PR ' SM dRhodami " e te""inator cycle sequencing ready reaction kits and the 

products separated on an AB, 377 DNA sequencer <PE AppHed Biosystems) 
a according to the manufacturers instructions. Resulting sequence was analysed using 
the GCG package of sequence analysis software (Wisconsin package version 9 1 
Genetics Computer Group. Madison, Wise.,. BLAST (1997. Nucleic. Acids Res 25- 
3389-3402, searches were carried out at the National Center for Biotechnology 
Information (http://www.ncbi.nlm.nih.gov/). 



to 



RNA Extraction and cDNA Synthesis 

Human foetal tissues were obtained from the Medical Research Council Tissue 
Bank. Total RNA was extracted using RNazol B™ (Biogenesis Ltd.) according to the 
manufacturers instructions. First strand cDNA synthesis was carried out on DNAse I 
15 treated RNA using the random hexamer primer from the SUPERSCRIPT™ 
Preemption System (GIBCO BRL) according to the manufacturers instructions 1 
microlrtre of the resulting cDNA was used in standard PCR reactions. 

Subcloning the Chromosome 1 1 Breakpoint Fragment 

20 The 2.5kb EcoRI fragment isolated as described previously (1993. Psychiatr Genet 
8: 175-181) was cloned into EcoRZ-digested pBluescrip. SK (-, (Stratagene) using 
standard methods (Sambrook et al., Molecular Coning: A laboratory Manual. 2~ Ed 
Cold Spring Harbor Laboratory, Cold Spring Harbor, NY, 1989). 

25 Genomic Library Construction and Screening 

Genomic DNA from the translocation cell line MAFLI was digested with EcoRI 
hgated into EcoR,-digested and dephosphorylated lambda ZAP II (Sfratagene) and 
packaged using Gigapack Gold II packaging extract (Stratagene) according to the 
manufacturers instructions. Bacteriophage were plated using E. coli XLLBlue MRF 
30 and the library of clones screened using standard methods. Excision of clones from 
the lambda vector was carried out as advised by the manufacturer releasing 
genom,c fragments cloned into pBluescript SK (-,. The library was screened using 
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the 2.15kb repeat-free Hindlll/EcoRI fragment containing the chromosome 11 
breakpoint, followed by the 2.7kb der (1) fragment. Of 1x10 7 clones screened, one 
copy of the 2.5kb chromosome 11 fragment, four copies of the 2.7kb der (1) 
fragment, one copy of the 7.3kb chromosome 1 fragment and no copies of the 7kb 
5 der (1 1 ) fragment were obtained. 

cDNA Library Screening 

20-26 week foetal brain and 20-25 week foetal heart 5'-STRETCH PLUS cDNA 
libraries, constructed in lambda gt10 and gt1 1 respectively, were obtained from 

10 Clontech and screened according to the manufacturers instructions. Inserts were 
obtained from pure clones using two methods. Firstly, cDNAs were amplified by 
PCR, turbocloned (1993, Nucleic Acids Res. 21: 817-821) and sequenced. Due to 
the probable introduction of sequence alterations during PCR, several subclones 
were sequenced. Alternatively, lambda DNA was digested with EcoRI to release the 

15 cDNA insert which was then subcloned into EcoRI-ti igested pBluescript SK (-) 
(Stratagene). 

Polymerase Chain Reactions 

PCR was carried out using AmpliTaq DNA polymerase (Perkin Elmer). Each 50 
20 microlitre reaction contained 1 unit of enzyme, 300ng of each primer, 200mM of each 
dNTP, 1.5mM MgCI 2 , 50mM KCI and 10mM Tris-HCI pH8.3. A probe corresponding 
to nucleotides 1177-1321 of DIS1 was prepared from cloned cDNA using primers 
ACGTTAC AAC AAAG ATT AG AAG ACCTG G and 
TGCTGAGTGGCCCCACGGCGCAAG, with touchdown PCR (75°C-65°C) and 30s 
25 denaturation at 94°C, 30s synthesis at 72°C. Marker D1S251 was mapped by PCR 
using the standard cycling conditions for this marker. 

A probe containing the DIS1 exon predicted by NIX was prepared by PCR using the 
wt1 fragment as template and primers CCATTTCTGGACGGCTAAAGACC & 
30 G CAR AC ACTTTGG CTAAG G CG GC (694bp product). The cycling conditions used 
were: 35 cycles of: 94°C, 30s; 58°C, 60s; 72°C, 60s. Amplification from DIS1 cDNA 
was performed using proximal primers CCAGAGCGTGACATGCATTC & 
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CCAGGTCTTCTAATCTTTGTTGTAACGT (292bp product from 35 cycles of: 94°C, 
30s; 62°C, 60s; 72°C, 30s) and distal primers GGAAGCTTGTCGATTGCTTATCC & 
AGATCTTCATCATGACTGTGGATTGC (270 & 336bp products from 35 cycles of: 
94°C, 30s; 64°C, 60s; 72°C, 30s). An initial hot start step was carried out. This 
5 involved preparation of two separate mixes, one containing template, buffer and 
nucleotides, and the other containing enzyme and primers. These were incubated at 
90°C separately for two minutes prior to mixing and cycling. 

In order to amplify cDNA inserts from lambda vectors, a single plaque was picked 
into 25 microlitres of distilled water. 1-5 microlitres were then added to a PCR 

10 reaction and the cDNA insert amplified using vector-based primers. Lambda gt10- 
specific primers, AGCAAGTTCAGCCTGGTTAAGT & 

GGGACCTTCTTTATGAGTATT (35 cycles of: 94°C, 30s; 68°C, 60s; 72°C, 180s) and 
lambda gt1 1 -specific primers G AAG G CAC ATG GCTG AATATC G AC G GTTTC & 
GACACCAGACCAACTGGTAATGGTAGCGAC (35 cycles of 94°C. 30s; 56°C, 60s; 

15 72°C, 90s) were used to amplify inserts from the foetal brain and foetal heart cDNA 
libraries respectively. 

Hybridisation 

Standard procedures were used for Southern blotting and hybridisation (Sambrook et 
20 al., Molecular Cloning: A laboratory Manual. 2 nd Ed., Cold Spring Harbor Laboratory, 
Cold Spring Harbor, NY, 1989). Probes were labelled with alpha 32 P-dCTP by 
random priming using High Prime (Boehringer Mannheim) and purified using 
Pharmacia NICK columns. The oligonucleotide probe was labelled with gamma 32 P- 
dATP. Oligonucleotide hybridisations were carried out overnight at the appropriate 
25 temperature. 

Subcloning 

Exon 4 of DIS1 (and flanking DNA) was subcloned from cosmid 
ICRFc112D2299QD4 by digestion with EcoRI. Digested fragments were subcloned 
30 into EcoRI-d igested pBluescript SK (-) (Sratagene) and subclones containing the 
exon were identified by hybridisation with the DIS1 cDNA nucleotide 1177-1321 
probe. The exon was found to be contained within a fragment of approximately 4kb. 
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1 A substantially pure polynucleotide, encoding the amino acid sequence of SEQ 
ID NO: 2 or SEQ ID NO: 3 or their isoforms. 

5 

2 Polynucleotide according to claim 1 , comprising the sequence according to SEQ 

3 A recombinant expression vector comprising the polynucleotide according claim 
10 1 or 2 or fragments thereof. 

4 A polypeptide according to SEQ ID NO: 2 or SEQ ID NO: 3 or their isoforms. 

5 Cell line transformed with a polynucleotide encoding at least part of the 
15 polypeptide according to claim 4 

6 Cell line transformed with a polynucleotide according to claim 1 or 2 or fragments 
thereof or transformed with the expression vector of claim 3. 

20 7 Cell line according to claim 6 of mammalian origin 

8 Cell line according to claim 6 or 7 expressing a DIS1 gene product, wherein DIS1 
gene is defined as a stretch of DNA 

a) of approximately 300 kB on chromosome 1 , spanning the breakpoint of a 
25 balanced t(1 ;1 1 )(q42.1 ;q14.3) translocation and 

b) hybridisable to the polynucleotide sequence according to SEQ ID NO: 1 
and/or SEQ ID NO:4 

9 Use of a polynucleotide hybridisable to the DIS1 gene in the in vitro diagnosis of 
30 a psychiatric disorder, wherein DIS1 gene is defined as a stretch of DNA 

a) of approximately 300 kB on chromosome 1, spanning the breakpoint of a 
balanced t(1 ;1 1 )(q42.1 ;q14.3) translocation and 
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b) hybridisable to the polynucleotide sequence according to SEQ ID NO: 1 
and/or SEQ ID NO:4 

10 Use of a cell line according to claim 6 to 8 in the in vitro diagnosis of a psychiatric 
5 disorder. 

11 Use of a polypeptide encoded by a polynucleotide comprising SEQ ID NO 1 or 
fragments thereof in the in vitro diagnosis of a psychiatric disorder. 

10 12 Use of a polynucleotide according to claims 1 or 2 or fragments thereof or the 
expression vector of claim 3 in a screening assay for the identification of new 
drugs. 

13 Use of a polypeptide according to claim 4 or analogues or fragments thereof in a 
15 screening assay for the identification of drugs for the treatment of psychiatric 

disorders. 

14 Use of a cell line according to claims 6 to 8 in a screening assay for the 
identification of new drugs for the treatment of psychiatric disorders. 

20 

15 A polynucleotide comprising SEQ ID NO 1 or fragments thereof for use as a 
medicament. 

16 A polypeptide encoded by a polynucleotide comprising SEQ ID NO 1 or 
25 fragments thereof for use as a medicament 

17 A polynucleotide comprising SEQ ID NO 1 or fragments thereof for use as a 
medicament for the treatment of a psychiatric disorder. 

30 18 A polypeptide encoded by a polynucleotide comprising SEQ ID NO 1 or 
fragments thereof for use as a medicament for the treatment of a psychiatric 
disorder 
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19 Use of a polynucleotide comprising SEQ ID NO 1 or fragments thereof in the 
preparation of a medicament for the treatment of a psychiatric disorder 

20 Use of a polypeptide encoded by a polynucleotide comprising SEQ ID NO 1 or 
fragments thereof in the preparation of a medicament for the treatment of a 

psychiatric disorder 

21 Antibodies against the polypeptide according to claim 4 

22 Pair of oligonucleotide primers for the amplification of a region containing a 
breakpoint involved in a balanced t(1;11)(q42.1;q14.3) translocation of 
chromosome 1 and chromosome 11, wherein a first primer is hybridisable to 
chromosome 1 or chromosome 1 1 and is located 5' of the breakpoint and a 
second primer which is also hybridisable to chromosome 1 or chromosome 1 1 is 
located 3' of the breakpoint. 

23 Pair of oligonucleotide primers according to claim 22 wherein at least one of said 
primers is capable of hybridising to a sequence according to SEQ ID NO 4. 

24 Pair of oligonucleotide primers according to claim 22 wherein at least one of 
said primers comprises the sequence of SEQ ID NO: 5 or SEQ ID NO: 6. 

25 Method for the detection of a mutation in the DIS1 gene in a given subject 
comprising the steps of 

a) providing a set of oligonucleotide primers capable of hybridising to the 
nucleotide sequence of the DIS1 gene 

b) obtaining a sample containing nucleic acid from the subject 

c) amplifying a region flanked by the primer set of step 1 using a nucleic acid 
amplification method 

d) detecting whether the amplified region contains a mutation by 
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e) comparing the amplified sequence with the sequence of normal control 
subjects. 

wherein DIS1 gene is defined as a stretch of DNA 

- of approximately 300 kB on chromosome 1 , spanning the breakpoint of a 
balanced t(1 ;1 1 )(q42.1 ;q14.3) translocation and 

- hybridisable to the polynucleotide sequence according to SEQ ID NO: 1 
and/or SEQ ID NO:4 

26 A method for identifying ligands for DIS1 gene products, said method comprising 
the steps of: 

a) introducing into a suitable host cell a polynucleotide according to claims 1 
or 2 or an expression vector according to claim 3 or fragments thereof, 

b) culturing cells under conditions to allow expression of the DNA sequence 

c) optionally isolating the expression product 

d) bringing the expression product (or the host cell from step b)) into contact 
with potential ligands which will possibly bind to the protein encoded by said 
DNA from step a); 

e) establishing whether a ligand has bound to the expressed protein. 

f) Optionally isolating and identifying the ligand 

27 Method for the detection of a balanced t(1;11)(q42.1;q14.3) translocation in a 
given subject comprising the steps of 

a) providing a set of oligonucleotide primers according to claim 22 

b) obtaining a sample containing nucleic acid from the subject 

c) amplifying a region flanked by the set of oligonucleotide primers of step a) 
using a nucleic acid amplification method 

d) detecting whether the translocation has occurred by 

e) comparing the amplified sequence with the sequence of normal control 
subjects. 

28 Method according to claim 27 wherein the set of oligonucleotide primers 
comprises at least one primer comprising SEQ ID NO: 5 or SEQ ID NO: 6, 
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